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(54) Serial-to-parallel converter 

(57) A serial-to-parallel converter 
receives serial data bits forming serial 
input words on line 1 0 and serial word 
synchronizing pulses indicating the 
length of the serial input words on line 
1 4. A parallel clock signal Q is 
generated synchronously with an 
integral number of serial word 



synchronizing pulses. The input data is 
sequentially supplied via a direct data 
path to an output storage means 38 — 
61, 138— 161. Asynchronous 
counter 22 counts clock signals A 
corresponding to the received 
consecutive serial data bits and in 
response to each count a decoder 26 
sequentially enables one respective 
output storage means to store therein 
one data bit. The stored data is 
released simultaneously from the 
output storage means in form of a 
parallel word in response to the 
parallel clock signal. Means 21 for 
changing the length of the parallel 
output word are provided. 



65 



IS 






D' 






*- 


t 









on n 



DIT ?3 




II3_X 



c, 

DC 

C 
CC 

Ul 



.0, * fT n 0 
& w £> 'i: *J iC <3 




o /v . /> o 
£, \J b k: 0 (j 




6 i>' o> 'i 0 & 




iri .1 f o. f> 
j c 'i j <v J 



i _n_ 



D_T 



di_t 

S4 ~L_ 

si — I 



_l — L 



J~~l_ 



0 i 2 3 4 5 G 7 8 9 10 II 12 13 14 15 IG 17 18 19 20 21 22 23 24 25 26 27 

a jn_fijT_fijTjnjnjTJTJxr^ 

A 1 TJlJlJTjnjlJTJTJlJlJlJlJ^ 

B J I I ~ 

C J 1 : 1 n 

n i 1 r 

g_j 1 1 

H I 1 1 I 



s3..r 

S2..I 

Kin. 



k':.T 



AT 

AT 102 
AT 123 
AT 124 

AT40I 
AT 402 
AT 423 
AT 424 
Q' 

AT 501 
AT 502 
AT 523 
AT 524 




_TT 




"1_T 

1 

:::x 



:r.L 



1 



GB 2 094 523 A 1 



SPECIFICATION 
Serial-to-parallel converter 

The invention is related to serial-to-parallel 
converters and more particularly to a converter in 
5 which the input data bits are sequentially supplied 
via a direct data path to output storage means 
and released in parallel therefrom. The length of a 
serial input word or parallel output word may be 
changed while the bit positions of the parallel 
1 0 output word remain unchanged with respect to 
the sequence in which the serial data bits are 
received. 

Digital data processing systems frequently 
include circuits operating at different clock 

1 5 frequencies, thus requiring converters from high 
to low or low to high speed of data transfer 
between these circuits. One such known device is 
a serial-to-parallel converter which receives serial 
input data sequentially at a relatively high clock 

20 frequency, for example, from a peripheral device, 
such as a magnetic recording and playback device 
and it provides parallel output data at a 
significantly lower clock frequency, as it may be 
necessary for further processing, for example by a 

25 digital computer. 

One type of prior art serial-to-parallel converter 
utilizes input shift registers into which the serial 
input data is fed sequentially and clocked 
therethrough in serial form. The serial data from 

30 the register is sequentially applied to parallel 

output latches and released in parallel in response 
to a parallel clock signal. Such prior art system is 
described and shown for example in a manual 
entitled HBR-3000 Magnetic Recorder, 

35 Provisional Data, No. 001 050, Section 3, Serial- 
to-Parallel, and Schematic Drawing No. 
1 255592-01 , issued February 1 , 1 978 by Ampex 
Corporation, assignor of the present patent 
application. 

40 It is a significant disadvantage of the above 
type of prior art converters that at each serial 
clock pulse the input data is shifted by one 
bit position through the device. Consequently, it is 
difficult to trace the individual data bits during 

45 operation and the bit positions are not known 
until the data appears on the output latches just 
prior to being clocked out in form of a parallel 
word. Consequently, data retrieval and trouble 
shooting are obstructed. Also, there is no serial 

50 word synchronizing pulse provided in these prior 
art devices. If the length of the serial input word 
or parallel output word is changed, the first and 
subsequent data bits appear at different output 
terminals for each such change. The foregoing 

55 also occurs after operation has been interrupted 
• and restarted. These prior art converters are not 
suitable for applications where it is necessary to 
maintain known data bit positions during 
operation. 

Othor twrtoc rvf L-rtrtiA/n r\rir\r art eorio l_tn_r>arallol 



65 detecting the time when the synchronizing data is 
contained in the input register. Besides, in these 
prior art converters, the length of the serial or 
parallel word cannot be readily changed. 

According to the invention there is provided a 

70 serial-to-parallel converter arranged to receive 
serial clock pulses, serial data bits synchronous 
with the serial clock pulses, and serial word 
synchronizing pulses synchronous with a known 
number of consecutive serial data bits and 

75 comprising 

a) a means for generating a parallel clock pulse 
in response to an integral number of serial word 
synchronizing pulses and synchronously 
therewith; 

80 b) a counter means for synchronously 

providing a respective count in response to each 
received serial clock pulse, said counter means 
coupled to be reset by said parallel clock pulse; 

c) a decoder having an input for receiving said 
85 count provided by said counter means and having 

a plurality of separate outputs each coupled to 
provide a separate output signal in response to 
each count and synchronously therewith; 

d) a plurality of output storage means each 
90 having a separate data input enable terminal 

coupled to one separate output of said decoder 
means and each having a separate data output 
terminal, said plurality of output storage means 
having data input terminals arranged to receive 
95 said serial data bits simultaneously and having 
data output enable terminals for receiving said 
parallel clock pulses in common, each said output 
storage means being adapted to store one 
particular serial data bit received thereby 

1 00 coincidently with a particular separate output 
signal from said decoder means and said plurality 
of output storage means being coupled to provide 
simultaneously said stored data bits to said 
separate outputs in the form of a parallel output 

1 05 word in response to said parallel clock pulse. 

The invention also provides a serial-to-parallel 
digital converter arranged to receive serial digital 
data and to provide output digital words of 
predetermined word length, in which converter a 

1 1 0 count is made of clock pulses associated with 
said serial digital data so as to provide for the 
sequential sampling by a multiplicity of bit stores 
each of a predetermined bit position in a 
sequence of the serial digital data and means 

1 1 5 responsive to indications of word length of the 
serial digital data are provided to generate a clock 
signal in response to which simultaneous parallel 
read-out from the stores is effected and a cycle of 
the said sequential sampling is restarted. 

1 20 Specific embodiments of the present invention 
may provide a serial-to-parallel converter having 
at least one of the following features, namely, the 
bit positions of the parallel output word are 
known with respect to the sequence in which the 
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operation has been interrupted, while the 
subsequent data bits appear at respective output 
terminals in sequential order; the length of the 
parallel output word is obtained by combining the 
5 length of one or more serial input words; a parallel 
clock pulse is derived from an integral number of 
serial word synchronizing pulses; the serial input 
data is fed synchronously via a direct data path 
into an output storage means; and serial word 

10 synchronizing pulses are received and processed 
via a signal path different from the data path. 
In the accompanying drawings: 
Fig. 1 is a simplified block diagram of a 
preferred embodiment of the invention. 

1 5 Figs. 2A to 2D are respective portions of a 
detailed schematic circuit diagram of the 
preferred embodiment of the invention. 

Fig. 3 is a timing diagram showing various 
signals illustrating operation of the preferred 

20 embodiment of the invention. 

Reference will first be made to Fig. 1 and the 
timing diagram of Fig. 3. 

A continuous stream of serial data bits B 
forming serial words of a known length appears 

25 on line 1 0. A serial dock signal A synchronous 
with the serial data bits B is received on line 1 2. A 
word synchronizing signal C (further referred to as 
serial word sync) is received on line 14 
synchronously with the first bit of each serial 

30 word received on line 10, thus indicating the 
length of the serial input words. Signals A, B and 
C are received from an external source which is 
represented by blocks 1 75, 1 76 and 1 77 and will 
be described later in more detail. In this 

35 embodiment of the invention the length of each 
serial input word is selected to be twelve bits and 
two twelve bit serial input words are combined by 
the serial-to-parallel converter of Fig. 1 into one 
twenty-four bit parallel output word. However, as 

40 it will follow from further description, different 
respective lengths of the serial or parallel word 
may be also selected and one or more serial input 
words couid be converted into a (single) parallel 
output word of a desired length by the serial-to- 

45 parallel converter of the invention. 

The serial sync C received on line 14 is applied 
to an inverter 75 and the inverted signal C is fed 
via a pulse shaper and delay circuit 66 to a 
parallel clock signal generator circuit 1 6. In the 

50 preferred embodiment the circuit 1 6 comprises a 
frequency divider 1 7, gate 1 3 and a 
programmable word length selector, implemented 
by programmable switches 21 . Circuit 1 6 
produces an output pulse K at output 1 8 for every 

55 two serial sync pulses C received on line 1 4. 
Consequently, for every twenty-four serial clock 
pulses A, and thus, for every twenty-four serial 
data bits B received on line 1 0 an output pulse K 
at output 1 8 is provided. The output pulse K 

60 resets the divider 1 7 via gate 1 3 and line 20. The 
output pulse K is further processed by a pulse 



a "parallel" clock signal, as will be explained. 

The "Serial" clock signal A received on line 12 
is inverted by an inverter 77 and the inverted 
signal A' is applied to a clock input 1 9 of a 
70 synchronous parallel bit counter 22 which counts 
from one to twenty-four clock pulses and in 
response to each clock pulse it provides a distinct 
binary number on parallel lines 25. Counter 22 is 
reset by the previously mentioned "parallel" clock 
75 signal Q. It will be understood from the foregoing 
description that the divider 1 7, counter 22, and 
the pulse shapers 66 and 67 operate in 
synchronism. 

The count provided by counter 22 on parallel 
80 output lines 25 is applied to a decoder 26. In Fig. 
1 the decoder 26 is shown as having twenty-four 
separate outputs, denoted 101 to 124 
respectively, corresponding to the number of bits 
comprised in the parallel output word. The 
85 decoder 26 provides respective output pulses at 
its outputs 101 to 124 in a sequence 
corresponding to. the sequential count obtained 
from counter 22 and in synchronism therewith. 
For example, in response to count "one" received 
90 from counter 22 the decoder 26 provides a pulse 
at its first output 1 01 , at count "two" an output 
pulse at its second output 1 02 etc., up to the last 
count "twenty-four" when it provides an output 
pulse at its output 1 24. Thereafter, counter 22 is 
95 reset by the previously mentioned parallel clock 
pulse Q on line 9 and the above-described 
operation cycle is repeated. 

Each separate output 101 to 1 24 of the 
decoder 26 is connected to a separate data input 

1 00 enable terminal 201 to 224 of a respective output 
storage means, constituted in this preferred 
embodiment by a first and second series of output 
latches 38 to 61 and 138 to 161, respectively. 
The serial input data B received on line 10 is 

1 05 inverted by inverter 87, further inverted by circuit 
99 and delayed. The resulting serial data B" is 
applied simultaneously to the interconnected 
inputs 36 of the first series of output latches 38 to 
61 , coincidently with the respective output 

1 1 0 signals from decoder 26. Consequently, each 
serial data bit is sequentially clocked into one 
particular first output latch 38 to 61 by a 
particular output pulse provided by decoder 26 in 
response to one particular count obtained from 

1 1 5 counter 22. Thus, a particular output latch is 
always enabled in response to a respective bit 
count and the sequential output latches store the 
serial data bits in the same order as they have 
been received on input line .10. For example, latch 

1 20 38 receives and stores data bit 1 , latch 39 data 
bit 2, etc., up to latch 61 which receives and 
stores data bit 24. The data respectively stored by 
the first output latches 38 to 61 is applied to the 
respective inputs 401 to 424 of second series of 

125 output latches 138 to 161. After all the twenty- 
four data bits are stored at the respective inputs 
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on line 9 is inverted by inverter 94 and the 
inverted pulse Q' is applied to interconnected 
data output enable terminals 96 of the respective 
second output latches 1 38 to 161. In response to 
5 receiving that signal Q', the respective twenty- 
four data bits stored in the second output latches 
1 38 to 1 61 are clocked out simultaneously, thus 
forming a twenty-four bit parallel output word 
obtained at outputs 501 to 524. 

1 0 In order to assure synchronous operation of the 
• serial-to-parallel converter of the invention, in the 
preferred embodiment a synchronous control 
pulse D is received on line 1 1 from the previously 
mentioned outside source 1 75 to 1 77, as it will 

1 5 be described below in more detail. Control pulse 
D coincides with the first pulse of a selected 
number of serial word sync pulses C, for example 
of 2048 sync pulses. Control pulse D is applied to 
a pulse shaping circuit 65 to obtain a pulse width 

20 corresponding to that of one clock cycle. A 

resulting inverted control pulse D' from circuit 65 
is applied via gate 1 3 and line 20 to reset the 
previously mentioned programmable frequency 
divider 1 7, thus initiating a new operation cycle to 

25 correct timing in case synchronization has been 
lost during the last 2048 sync pulses for any 
reason. In the preferred embodiment the control 
pulse D is delayed in a delay circuit 1 5 by 
approximately twenty-four serial clock cycles and 

30 thereafter it is transferred as pulse D" via line 2 1 
in response to the parallel clock pulse on line 9, 
for use by a digital computer (not shown). 

With reference to blocks 175, 1 76 and 1 77 
shown in Fig. 1 they together represent a source 

35 for generating the above-mentioned respective 
synchronous signals A, B, C and D received on 
lines 1 2, 1 0, 1 4 and 1 1 , and shown in Fig. 3. An 
oscillator 1 75 is utilized to generate on line 1 78 a 
sine wave reference signal whose frequency 

40 determines the frequency of the serial clock signal 

A, which in turn determines the rate of serial data 

B. In the preferred embodiment the oscillator 1 75 
has a selectable frequency range from 400 KHz to 
1 6 MHz, corresponding to the operation range of 

45 the serial-to-parallel converter of the preferred 
embodiment. In the preferred embodiment the 
sine wave oscillator 1 75 may be constituted by 
Signal Generator, type 1 702, manufactured by 
Systron Donner Co. The sine wave reference 

50 signal is applied via line 1 78 to a signal 

synthesizer 1 77, a detailed diagram of which is 
shown in Fig. 2D as an example. The signal 
synthesizer 1 77 provides a digital clock signal of 
the same frequency as and synchronous with the 

55 'analog' sine wave signal on line 1 78 and applies 
that clock signal via line 1 79 to a random data 
generator 1 76, for example implemented by the 
Pseudorandom Data Generator, type MN-1, 
manufactured byTautron Co. Data generator 176 

60 in turn provides the following synchronous digital 



embodiment has a frequency of one pulse for 
every 32 serial data bits provided on line 1 80. The 
respective output signals on lines 1 80, 181, and 
1 82 are received and processed by the signal 

70 synthesizer circuit 177 shown in a detailed 
schematic diagram of Fig. 2D, the description of 
which follows. 

In Fig. 2D the synchronizing signal on line 182 
is applied via suitable gates 530 to 534 to a 

75 presettable counter 183 which in the preferred 
embodiment is set to count to 1 2. However, 
counter 1 83 may be preset by switches S3 to S6 
to provide various counts as shown, for example, 
in Table 1 below: 

80 Table 1 



Divide by: 


S6 


S5 


S4 


S3 


2 


HI 


HI 


HI 


HI 
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HI 


HI 


HI 


LO 


6 


HI 


HI 


LO 


HI 


8 


HI 


HI 


LO 


LO 


10 


HI 


LO 


HI 


HI 


12 


HI 


LO 


HI 


LO 


14 


HI 


LO 


LO 


HI 


16 


HI 


LO 


LO 


LO 


32 


LO 


LO 


LO 


LO 



It will become apparent that by selecting 
various division ratios from TAB. 1, it is possible 
to select a number of clock pulses corresponding 
to one output signal from counter 1 83 to 
95 determine the length of the serial input word. The 
signal synthesizer circuit 1 77 of Fig. 2D delays 
the respective signals received on lines 178, 180, 
181 and 1 82 utilizing delay lines 535 to 538 and 
it reclocks the delayed signals to provide the 

1 00 above-described respective synchronized signals 
A, B, C and D as shown in Figs. 1 and 3. The 
resulting signals obtained from the signal 
synthesizer 177 on lines 12, 10, 14 and 1 1 are 
aligned to coincide with the pulse representing bit 

1 05 1 of the serial input word, as best shown in the 
timing diagram of Fig. 3. Delay lines 535 to 538 
of Fig. 2D, and respective delay lines 1 75 of Fig. 
2A and 88 of Fig. 2B, are made utilizing well 
known techniques, each as a pair of twisted 

1 1 0 insulated wires type KYNAR 30 AWG, and 

designated part number 1 263 1 97-XX, by Ampex 
Corporation. 

A more detailed description of the preferred 
embodiment follows with reference to the 

1 1 5 schematic circuit diagram of Figs. 2A to 2D, 
corresponding to the above-described block 
diagram of Fig. 1 . To facilitate comparison, 
corresponding portions and elements in the 
above-indicated figures are designated by like 

1 20 reference numerals. For the purpose of complete 
disclosure, the integrated and other circuit 
components shown in Figs. 2A to 2D are 
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the inverted pulse C is applied to data input of a 
latch circuit 76. The serial clock signal A is 
received on line 12 and inverted by inverter 77. In 
the preferred embodiment the serial clock 
5 frequency is selected between 400 KHz and 1 6 
MHz as previously mentioned. The inverted serial 
clock signal A' is applied to the respective clock 
inputs of the latch circuit 76 implemented by a 
pair of D flip-flops providing respectively delayed 

1 0 output signals G and H, both applied to exclusive 
OR-gate 78. The resulting output pulse I from 
gate 78 is delayed with respect to the input pulse 
C by one half clock period and its width is set to 
correspond to one clock cycle. Signal I is applied 

1 5 to clock input 1 5 of programmable divider 1 7 of 
. the parallel clock signal generator circuit 1 6. 
Thus, the frequency of signal I is twice that of 
signal C. The latch circuit 76 and gate 78 together 
serve as a pulse shaper and a frequency multiplier 

20 by two, and they correspond to circuit 66 of Fig. 
1 . The respective inputs 1 72 to 1 75 of the 
programmable divider 1 7 are preset by means of 
a programmable switch 21 to divide by 4. Since 
the frequency of clock signal I at the input 1 5 of 

25 divider 1 7 is twice the frequency of signal C, at 
output 1 8 of programmable divider 1 7 an output 
signal K is obtained whose frequency is divided by 
two with respect to signal C\ Different division 
ratios may be obtained from divider 1 7 ; for 

30 example, division by 1 , 2, 3 and 4 may be 
obtained by setting the switches S1 and S2 as 
shown in TAB. 2 below: 

Table 2 

Divide by: S1 S2 

35 1 HI HI 

2 LO HI 

3 HI LO 

4 LO LO 

It will be understood that if it is desired to 
40 provide a still higher frequency ratio by divider 17, 
it may be done by utilizing additional switches 
{not shown) in the circuit 2 1 , as it is known in the 
art. Programmable divider 1 7 is reset by signal K 
via NOR-gate 1 3 and line 20. Besides, divider 1 7 
45 may also be reset by the inverted control pulse D' 
from circuit 65 as it has been mentioned 
previously. 

Output signal K from divider 1 7 is also applied 
via exclusive OR-gate 79 to latch 80, 

50 implemented by a pair of interconnected D flip- 
flops. Flip-flops 80 receive at respective clock 
inputs the previously described signals I and A', 
respectively. The output signals L, M from flip- 
flops 80 are both applied to exclusive OR-gate 81 

55 and the output signal N therefrom is fed to NAND- 
gate 82. The output signal Q from NAND-gate 82 
on line 9 represents the parallel clock signal 
described previously with reference to Fig. 1. 



corresponding to that of the serial clock pulse, to 
obtain proper circuit operation. 
65 It is seen from the foregoing description and 
from the timing diagram of Fig. 3, that by the 
circuit of the preferred embodiment one parallel 
clock pulse Q is generated synchronously for each 
sequence of 24 serial clock pulses A. However, if 
70 it is desired to change the number of serial clock 
pulses corresponding to one parallel clock cycle, it 
may be readily provided by presetting divider 1 7 
by means of switches 2 1 to have a different 
division ratio corresponding to a desired integer 
75 number of word sync pulses. 

A control circuit 83 shown in Fig. 2A is 
employed to provide various control signals 
necessary for the operation of the serial-to- 
parallel converter of Figs. 2A to 2D. A NAND gate 
80 1 73 of control circuit 83 receives at one input the 
previously described signal N from the exclusive 
OR-gate 81 of Fig. 2A and the delayed serial clock 
A at its other input. A D flip-flop 1 78 is utilized to 
provide respective complementary output pulses 
85 on lines 1 84, 1 85 which pulses provide necessary 
switching between respective decoders 26a and 
26b to provide continuous operation, as it will 
become apparent from further description. The 
inverted serial clock signal A' from the inverter 77 
90 'shown in Fig. 2A is further passed via inverter 
1 74 and delayed by delay line 175 and thereafter 
applied via line 1 33 to clock input 1 9 of the 
parallel bit counter 22 shown in Fig. 2B. Counter 
22 of Fig. 2B counts from 1 to 1 6 serial clock 
95 pulses. Each respective count from counter 22 
obtained on parallel output lines 25 is 
represented as a distinct four bit binary number 
P1 ; P2; P3; P4. The respective counts 1 to 1 6 
from counter 22 are applied via lines 25 to 

1 00 respective inputs connected in parallel of two 
interconnected 4 to 1 6 line decoders 26a, 26b, 
together corresponding to decoder 26 of Fig. 1 . 
Decoder 26a is shown in Fig. 2B and decoder 26b 
in Fig. 2C. The decoders 26a, 26b receive from 

1 05 control circuit 83 the previously mentioned 
respective control signals on lines 1 85, 1 84, 
providing the necessary switching between them. 
For each received count one of the decoders 26a, 
26b provides an output pulse at one respective 

110 output 101 to 124. It will be understood that the 
interconnected decoders 26a* 26b have a number 
of separate outputs corresponding to the selected 
number of bits in the parallel output word and 
that they provide the respective output signals in 

115 a known predetermined sequence. It is seen from 
Figs. 2B and 2C that after respective output 
signals have been provided at all 1 6 outputs of 
decoder 26a, in response to counts 1 to 1 6 from 
counter 22 the decoder 26b is switched on. 

120 Thereafter counter 22 counts again from 1 to 8 
and in response to the latter counts respective 
output pulses from outputs 1 1 7 to 124 of 
decoder 26b are provided. Only eight outputs of 
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applications having a parallel word length up to 
32 bits. In the preferred embodiment the counter 
22 is reset by the above-described parallel clock 
signal Q obtained on line 9 of Fig. 2A after 24 
5 output pulses have been provided sequentially by 
decoders 26a, 26b. If it is desired to provide a 
parallel output word having a greater length than 
32 bits, additional decoders may be 
interconnected and utilized in a similar manner, as 

1 0 shown by 26a, 26b in the preferred embodiment. 
As it is seen from Figs. 2B and 2C, each 
respective output 101 to 124 of decoders 26a, 
26b is connected to a separate data input enable 
terminal 201 to 224, represented by respective 

1 5 clock inputs of respective J — K flip-flops 38 to 
61 . The latter flip-flops implement the first series 
of output latches described above with reference 
to Fig. 1. Each J — K flip-flop has a respective 
separate data output terminal 301 to 324. 

20 The serial data B received on line 1 0 in Fig. 2B 
is inverted by inverter 87. The inverted data is 
reclocked by flip-flop 99 utilizing serial clock 
signal A' applied on line 1 32 from inverter 77 of 
Fig. 2A. The reclocked signal is delayed by delay 

25 line 88. The delayed inverted data is once more 
inverted by one of the parallel inverters 1 25 to 
1 30, respectively, and applied as data _B" 
simultaneously to interconnected J — K inputs 36 
of first flip-flops 38 to 61. It is seen from the 

30 timing diagram of Fig. 3 in connection with the 
circuit diagram of Figs. 2A to 2C that the data B" 
has been delayed by a time necessary for the 
leading edges of clock pulses A to fall 
approximately in the middle of data bits B".The 

35 latter provision assuresthat the edges of 
respective output pulses P1 to P4 on lines 25 
from counter 22 indicating bit counts also 
coincide with the middle of data pulses B". As a 
result, the first output pulse at output 101 from 

40 the decoder 26a has its leading edge coinciding 
with the middle of the serial data pulse B", 
corresponding to the first bit of the serial input 
word, thus allowing clocking in the middle of the 
data cell. Similarly, the second output pulse at 

45 1 02 from the decoder 26a has its leading edge 
coinciding with the middle of the second data 
pulse of the serial input word. The latter sequence 
is repeated for the remaining serial input bits up 
to bit 24 of the input word, the middle of which 

50 input pulse coincides with the leading edge of 
output pulse obtained at output 1 24 from 
decoder 26b shown in Fig. 2C. The respective 
output pulses at outputs 101 to 1 24 of decoders 
26a, 26b appear at the previously mentioned 

55 respective separate data input enable terminals 
201 to 224 of the first series of output latches, 
implemented by the respective clock inputs of J — K 
flip-flops 38 to 61 . Thus when the consecutive 
data bits B" appear at the interconnected data 

60 inputs 36 of the latter flip-flops, one particular 



424 of the second series f output latches, 
implemented by D flip-flops 138 to 161, which 
inputs are connected with the outputs 301 to 
324, respectively. After all the data bits 1 to 24 
70 have been stored and appear at inputs 401 to 
424 of the second series of flip-flops 138 to 161, 
the previously described parallel clock pulse Q on 
line 9 of Fig. 2A is applied as pulse Q' via inverter 
94 of Fig. 2C to the respective interconnected 
75 data output enable terminals 96 of the respective 
second series of flip-flops 1 38 to 161. 
Consequently, all the stored data bits 1 to 24 
appear simultaneously at the respective outputs 
501 to 524 of the second series of flip-flops as it 
80 is also shown in the timing diagram of Fig. 3, thus 
providing the parallel output word. 

It is seen from the foregoing description that in 
the serial-to-parallel converter of Figs. 2A to 2D 
the serial input data B" is fed to the output 
85 latches via a direct data path, while each input 
data bit is sequentially clocked into a designated 
output latch 38 to 61 in response to a designated 
output pulse on line 101 to 124, respectively, 
from the decoder 26a, 26b. Thus, the respective 
90 locations of input data bits are known at any time 
during operation and a particular data bit may be 
easily traced and recovered, for example, for 
trouble shooting purposes. 

In Fig. 2C the pulse shaper circuit 65 is shown 
95 as being implemented by a pair of D flip-flops 1 87 
and gates 1 88 to 1 91 respectively. Circuit 65 
receives the control pulse D on line 1 1 provided 
by the signal synthesizer 1 77 as it has been 
previously described with reference to Fig. 1 . 

1 00 Circuit 65 sets the width of the latter pulse to 

correspond to one serial clock cycle. The resulting 
pulse D' from gate 1 91 at the output 95 of circuit 
65 in Fig. 2C is applied to gate 1 3 of Fig. 2A. 
Thus, as described earlier with respect to Fig. 1, at 

1 05 every 2048 word synchronizing pulse the 

frequency divider 17 is reset via gate 1 3 by pulse 
D'. Pulse D received on line 1 1 is also applied to 
delay circuit 1 5 shown in Fig. 2C as comprising a 
pair of D flip-flops 1 92 followed by a monostable 

1 1 0 multivibrator 1 94. Pulse D is delayed by 24 serial 
clock cycles in D flip-flops 192 and released 
therefrom in response to the previously described 
parallel clock pulse Q applied via line 9 to clock 
input of flip-flops 192. The monostable 

1 1 5 multivibrator 1 94 shapes the delayed pulse to 
obtain a desired pulse width. In the preferred 
embodiment the resulting control pulse D" from 
multivibrator 1 94 is applied via line 1 95 to a 
computer (not shown) synchronously with the 

1 20 previously described parallel output word from 
outputs 501 to 524 of the second series of output 
latches 1 38 to 1 6 1 for further use. 

It is seen from the foregoing disclosure that in 
the serial-to-parallel converter a particular output 

1 25 latch is assigned to every bit of the parallel output 
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subsequent bits of the parallel output word 
through the device remain unchanged. When 
operation is interrupted the respective bit 
positions and data paths remain undisturbed. 
5 While preferred embodiments of the invention 
have been described above and illustrated in the 
drawings, it will be appreciated that a number of 
alternatives and modifications may be made so 
that the scope of the invention includes any novel 
1 0 combination of features or equivalents of features 
disclosed herein. 

Claims 

1 . A serial-to-parallel converter arranged to 
receive serial clock pulses, serial data bits 

1 5 synchronous with the serial clock pulses, and 
serial word synchronizing pulses synchronous 
with a known number of consecutive serial data 
bits and comprising 

a) a means for generating a parallel clock pulse 
20 in response to an integral number of serial word 

synchronizing pulses and synchronously 
therewith; 

b) a counter means for synchronously 
providing a respective count in response to each 

25 received serial clock pulse, said counter means 
coupled to be reset by said parallel clock puise; 

c) a decoder having an input for receiving said 
count provided by said counter means and having 
a plurality of separate outputs each coupled to 

30 provide a separate output signal in response to 
each count and synchronously therewith; 

d) a plurality of output storage means each 
having a separate data input enable terminal 
coupled to one separate output of said decoder 

35 means and each having a separate data output 
terminal, said plurality of output storage means 
having data input terminals arranged to receive 
said serial data bits simultaneously and having 
data output enable terminals for receiving said 

40 parallel clock pulse in common, each said output 
storage means being adapted to store one 
particular serial data bit received thereby 
coincidently wfth a particular separate output 
signal from said decoder means and said plurality 

45 of output storage means being coupled to provide 
simultaneously said stored data bits to said 
separate outputs in the form of a parallel output 
word in response to said parallel clock pulse. 

2. A serial-to-parallel converter according to 
50 claim 1 , wherein said means for generating a 

parallel clock pulse comprises a synchronous 
frequency divider. 

3. A serial-to-parallel converter according to 
claim 2, wherein said means for generating a 

55 parallel clock pulse further comprises a parallel 
word length selector coupled to said synchronous 
frequency divider for adjusting its division 
ratio to correspond to said integral number of 
serial word synchronizing pulses. 

60 4. A serial-to-parallel converter according to 



65 output storage means comprises a plurality of first 
and second output latches respectively, each said 
first output latch having a clock input terminal 
corresponding to said separate data input enable 
terminal of said storage means, a data output 

70 terminal coupled to a data terminal of one said 
second output latch, respectively, said first output 
latches having their respective data input 
terminals interconnected to correspond to those 
of said output storage means, each said second 

75 latch having a separate data output terminal 
corresponding to that of said output storage 
means and having interconnected clock input 
terminals corresponding to said data output 
enable terminals of said output storage means. 

80 6. A serial-to-paraliel converter according to 
claim 5, wherein the number of said first and 
second output latches respectively corresponds to 
a number of said stored data bits forming said 
parallel output word. 

85 7. A serial-to-parallel converter arranged to 
receive serial clock pulses, serial data bits 
synchronous with the serial clock pulses, and 
serial word synchronizing pulses synchronous 
with each first serial data bit of a known number 

90 of consecutive serial data bits forming a serial 
input word and comprising 

a) a synchronous frequency divider means 
coupled to receive said serial word synchronizing 
pulses and to provide a parallel clock pulse 

95 synchronously with an integral number of said 
serial word synchronizing pulses; 

b) a binary counter coupled to receive said 
serial clock pulses and to provide responsively a 
respective count synchronously therewith, said 

1 00 counter having a reset terminal coupled to receive 
said parallel clock puise; 

c) a decoder having an input coupled to receive 
said count and having a number of separate 
outputs each coupled to provide a separate 

1 05 output signal in response to each count; 

d) a number of first and second output latches, 
respectively, said first output latches each having 
a separate data input enable terminal coupled to 
one separate output of said decoder means, a 

110 separate data output terminal, and interconnected 
data input terminals coupled to receive ■ 
simultaneously said serial data bits, said second 
output latches each having a separate data input 
terminal coupled to the data output terminal of 

1 1 5 one said first output latch, a separate data output 
terminal and interconnected data output enable 
terminals coupled to receive simultaneously said 
parallel clock pulse, respectively, each said first 
output latch being coupled to store one particular 

1 20 serial data bit received simultaneously with a 
corresponding separate output signal from said 
decoder, and each said second output latch being 
coupled to apply one said stored data bit to its 
data output terminal in response to receiving said 

1 25 parallel clock pulse. 
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number of said serial word synchronizing pulses. 

9. A serial-to-parallel converter according to 
claim 9 wherein said means for adjusting said 
ratio are adjustable switches. 
5 1 0. A serial-to-parallel converter according to 
any of claims 6 to 9 wherein said first output 
latches comprise J — K type flip-flops and said 
second output latches comprise D type flip-flops. 

1 1 . A serial-to-parailel digital converter 
1 0 arranged to receive serial digital data and to 
provide output digital words of predetermined 



word length, in which converter a count is made 
of clock pulses associated with said serial digital 
data so as to provide for the sequential sampling 

15 by a multiplicity of bit stores each of a 

predetermined bit position in a sequence of the 
serial digital data and means responsive to 
indications of word length of the serial digital data 
are provided to generate a clock signal in 

20 response to which simultaneous parallel read-out 
from the stores is effected and a cycle of the said 
sequential sampling is restarted. 
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